INTRODUCTION
In this summary report, we summarize the results of the entire project entitled "Scanning Tunneling Microscopy Studies of Diamond Films and Optoelectronic Materials" from December 1, 1992 to November 30, 1996 . The NASA grant number of this project is NAG-l-1468. We present a summary of the research, citations of publications resulting from the research and abstracts of such publications.
We have made no inventions in the performance of the work in this project. The main goals of the project were to set up a chemical vapor deposition (CVD) diamond growth system attached to an ultrahigh vacuum (UHV) atomic resolution scanning tunneling microscopy (STM) system and carry out experiments aimed at studying the properties and growth of diamond films using atomic resolution UHV STM. We successfully achieved these goals. We observed, for the first time, the atomic structure of the surface of CVD grown epitaxial diamond (100) films using UHV STM._ We studied the effects of atomic hydrogen on the CVD diamond growth process. 2 We studied the electronic properties of the diamond (100) (2x 1) surface 1'2and the effect of alkali metal adsorbates such as Cs on the work function of this surface using UHV STM spectroscopy techniques. We also studied, using STM, new electronic materials such as carbon nanotubes 3 and gold nanostructures. 4 This work resulted in four publications in refereed scientific journals and five publications in refereed conference proceedings.
SUMMARY OF RESEARCH
Each epitaxial diamond film used in our studies was grown on a polished 0.25 x 1.5 x 1.5 mm 3 (100) type 2b high-pressure, high temperature (HPHT) grown diamond substrate purchased from Harrris Corporation. The substrate was cleaned ultrasonically in acetone, and then in a mixture of HC1 and HNO3 (1:3), and rinsed in triple distilled water. Using a hot-tungsten filament CVD reactor, we deposited a conducting diamond film one to two microns thick on the substrate surface.
The reactor is coupled to the UHV STM chamber via an all-metal through valve, and the samples are transferred from the reactor to the UHV STM chamber without contamination by exposure to air.
We deposited the diamond film for 120 minutes with a substrate temperature of 850°C at a pressure of 30 Torr using hydrogen and methane with flow rates of 200 standard cubic centimeters per minute (sccm) and 1 sccm, respectively. The tungsten filament temperature was 2200°C. The growth experiment was stopped by first shutting off only the methane flow and maintaining the sample, filament, and H 2 settings for 2 minutes. The filament was then turned off followed by the sample heater and then the H 2 flow being turned off. We obtained the STM images in UHV at a pressure of 1.0 x 10 -t°Torr using an Aris 5000 UHV compatible STM from Burleigh Instruments. The STM probe was constructed of 20 mil tungsten wire and was electrochemically etched in a KOH solution.
Tunneling currents of 2.8 nA with a sample bias of-800 mV were used to obtain atomic resolution. We also studied, using STM in air, the structural and electronic properties of polycrystalline diamond films grown on Si and graphite substrates. Atomic resolution ultra-high vacuum scanning tunneling microscopy studies of chemical-vapordeposition-grown epitaxial diamond (100) films are reported. After growth, the surface of the epitaxial films is amorphous at the atomic scale. After 2 min of exposure to atomic hydrogen at 30
Ton', the surface is observed to consist of amorphous regions and (2x l) dimer reconstructed regions.
After 5 min of exposure to atomic hydrogen, the surface is observed to consist mostly of (2Xl) 
